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The  first  two of  these  studies  t  dealt  with  the  discovery of a  new 
species of Rickettsia in the tissues of sheep, goats and cattle suffering 
from  heartwater  and  in  the  ticks  which  transmit  it.  In  this  third 
paper, it is proposed to describe in detail the behavior of the Rickettsis~ 
after  they have  entered  the  endothelial  cells  of the  blood vessels  of 
infected animals. 
The chief obstacle to the acceptance of Rickettsix as the inciting agents  of disease 
in man is the dit~culty of demonstrating their existence clearly and regularly  in 
the lesions.  This is almost insurmountable  in the case of trench fever, because 
it is seldom if ever, fatal, so that material for examination cannot be collected post 
mortem, unless  death  should  accidentally  occur at  a  propitious moment from 
some other cause, which in practice has not happened.  In two other arthropod- 
transmitted  diseases--typhus  and  Rocky Mountain  spotted  fever--Rickettsiz 
are undoubtedly present in the tissues, but only in very small  numbers.  Their 
distinctive  properties are obscured by extensive vascular degenerations  resulting 
in the formation of many granules which, like them,  are colored feebly by basic 
dyes.  Since, moreover,  all  three  species  of Rickettsix  are  smaller  than  most 
* Sixth contribution by the South African Expedition  of The Rockefeller Insti- 
tute for Medical Research. 
The experiments were made and material  collected at the Government Labora- 
tories at Onderstepoort  and cordial thanks are due to the Government of the Union 
of South Africa, to Sir Arnold Theiler  and to the members of his staff for the many 
courtesies extended.  The study herein reported was made after my return to the 
United  States. 
1 Cowdry, E. V., J. Exp. Med., 1925, xlii, 231,253. 
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bacteria, and stain much less intensely,  it is not surprising that so little is known 
of their exact relation to the tissues of man and experimentally infected animals. 
It is  believed  that  heartwater  affords  an  unusual  opportunity  for  securing 
information on this particular aspect of the general problem of Rickettsi~  and of 
their relation  to  disease. 2  As already noted degenerative vascular lesions  are 
almost entirely absent in heartwater, and the Rickettsi~  themselves, while  very 
sparsely distributed in the tissues as compared with some bacteria in other condi- 
tions, are nevertheless much more abundant  than the Rickettsi~  in any of the 
above  mentioned  infections.  Another  advantage  offered  by  the  heartwater 
Rickettsi~  is that they may be colored, without great difficulty,  by a variety of 
stains in addition to that of Giemsa on which chief reliance must be placed for the 
study of the other Rickettsia. 
Despite  the  unusual  facility with  which  the  heartwater R~ckettsi~  may be 
observed and studied, they resemble  other Rickettsi~  closely in many important 
particulars.  Like them they are very small, Gram-negative organisms (resisting 
attempts at cultivation on artificial media)  which  are found principally in  the 
endothelial  cells of the blood vessels  of diseased  animals.  All are transmitted 
by the bites of insects or arachnids, and the conditions to which they give rise are 
similar in  so far as  they are acutely febrile,  the nervous system is frequently 
involved and they confer an immunity lasting for several years or for life.  The 
chief point in which heartwater differs from typhus fever and Rocky Mountain 
spotted  fever is in  the  absence of cutaneous lesions,  which  is probably corre- 
lated with  the circumstance already mentioned, that there is but slight vascular 
involvement. 
EXPERIM'ENTS. 
Most  of  the  animals  studied  were  infected  by  the  intrajugular 
inoculation of blood from cases of heartwater; but some were infected 
by allowing ticks, carrying the virus,  to feed upon them.  They were 
sacrificed at appropriate intervals  during  the  incubation  period,  and 
febrile stages,  and  during  convalescence  (in  the rare cases which  did 
not  terminate  fatally).  A  detailed  account  of  the  experiments, 
together with the autopsy reports, has already been given in the first 
two papers. 
Rickettsix in the Circulating Blood Stream. 
That the virus, and presumably therefore the Rickettsix, are present 
in the blood stream during the febrile stages and for about 6 days after 
the temperature has commenced to decline in animals which have not 
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succumbed, was shown by the inoculation of blood into other suscep 
tible animals.  But although many attempts were made, it was not 
possible  to  discover  the  Rickettsiae  in  blood  smears.  This  failure 
corresponds with the experience of investigators while studying the 
blood of cases of trench fever and of typhus fever.  A few heartwater 
Rickettsiae  were, however, detected within the vascular lumina of tis- 
sues  examined in  sections.  The most probable explanation is  that 
they do not occur in the blood stream in large masses but as single 
individuals, or perhaps in  the form of very small clumps (Fig.  7). 
Obviously even  the most  careful differentiation of the stain might 
completely bleach single elements of such small dimensions (only about 
0.25 ~ in diameter), whereas the large aggregates within the endothe- 
lial cells would probably retain the dye more tenaciously, owing to its 
reduced rate of diffusion. 
Penetration of the Rickettsiae into the Endothelial Cells. 
The actual passage of Rickettsiae  through the cell membrane was 
never seen, but there is reason to believe that several may enter a 
single cell, most likely in sequence. 
The  sites of entry and  the foci of subsequent multiplication are 
variable.  They may penetrate  the  cytoplasm at  a  point where it 
consists of a  thin film almost invisible microscopically, relatively re- 
mote from the nucleus.  Or, they may gain admittance to the cyto- 
plasm lying between the endothelial nucleus and the lumen of the blood 
vessel (Fig.  2).  In rare  cases they may migrate through the cyto- 
plasm to a  point on the opposite side of the nucleus, that is to say 
between it and the periphery, remote from the lumen (Fig. 5). 
Multiplication in such a location, proximal to the endothelial nuclei, 
has not thus far been reported in the case of any of the other patho- 
genic Rickettsiae.  Yet  it  might be  expected to  occur,  because  the 
Rickettsiae  of both typhus and Rocky Mountain spotted fever possess 
much greater  power of penetration than  the heartwater Rickettsiae. 
They even enter the successive vascular tunics and frequently gain an 
extravascular  position, whereas  those of heartwater  are  apparently 
definitely and invariably confined to the vascular lumen and its lining 
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Before considering the probability of sequence in penetration, refer- 
ence must be made to an observation which was briefly mentioned in 
the first paper,  namely,  that many spherical aggregates of Rickettsi~ 
may  develop  within  a  single  endothelial  cell.  Their  number  may 
reach as many as eight.  In Fig.  1 six are illustrated within the limits 
of  a  section  only  3  microns  in  thickness.  The  colonies  invariably 
remain  distinct  and  never  fuse,  even  when  closely applied  to  each 
other. 
The clumps inhabiting one cell are seldom of the same size.  Their 
dimensions  may vary from  about 0.5  ~  to  25.0  ~  as observed after 
fixation and staining, and the number of Rickettsiae from two to several 
hundreds.  Sometimes the Rickettsix in the smaller ones are slightly 
larger and color more deeply than  those grouped in the larger masses 
(Figs.  1 and 6).  Although such a  distinction is by no means of con- 
stant  occurrence, it does seem probable that  the smaller colonies are 
younger than  the larger ones,--that  they had less time to multiply-- 
in other words, that there has, in fact, been a sequence in the entry of 
Rickettsiee. 
Just  why  the  Rickettsiae should  enter  some  endothelial  cells  in 
marked preference to others is not known.  It does not seem to take 
place pari passu with the phagocytosis of broken down erythrocytes, 
for example.  In heartwater there is very little taking up of erythro- 
cytic debris by the endothelial cells of the cerebral cortex, and kidney, 
which nevertheless harbor Rickettsiae more constantly than the cells of 
any other tissues.  In the rare cases when it is phagocytized in these 
localities the cells which do so have never been observed to accumulate 
Ricketts#e as well, but it would be unsafe to assert that such a double 
acquisition  is  impossible.  It  is  conceivable  that  there  may  be  an 
element  of  antagonism  in  the  two  processes.  Thus,  the  Rickettsix 
were never seen in  the endothelial  cells of the liver,  and  they are of 
very inconstant  occurrence in those of the spleen,  both of which are 
noted for the avidity with which they phagocytize erythrocytes and 
materials  of foreign  origin  generally.  Neither  is  the  liver  the  best 
place  to  search  for  the  Rickettsix  of  typhus  and  Rocky Mountain 
spotted fever, although they do occur in  it  sparingly.  Experimental 
blocking of the  endothelium  in  heartwater  with  particulate  matter 
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The Ricketts#e  of heartwater resemble those of typhus fever in this 
predilection which they have for the brain, while they differ in other 
minor points  of distribution,  such as their failure to  accumulate in 
very large numbers in the skin, or the testicle, and the peculiar attrac- 
tion which the kidney seems to exercise over them. 
Growth of the Ricketts#e within the Endothelial Cells. 
A single isolated Rickettsia has never been seen within an endothelial 
cell; but in Fig. 5 a Rickettsia  in the act of division, or two Rickettsize 
in especially close contact, are illustrated.  In very thin sections (1 ~) 
it  is possible  to  distinguish  similar formations suggestive of simple 
transverse  fission,  and  it  is  probable  that  this  process  takes  place 
commonly and  at  a  very  rapid  rate.  Sometimes  the  Rickettsiae 
are congregated at the periphery of the colony in such a manner as to 
suggest the interpretation that they divide in a  plane perpendicular 
to its surface and that  the growth is peripheral rather than central 
(Fig. 3). 
Some  striking  examples  of  growth pressure  were found.  Fig.  2 
illustrates a colony which has developed between the nucleus and the 
vascular  lumen.  While  growing it  has  pressed  upon  the  nucleus, 
forming a  marked concavity in it.  A  rarer instance, which, indeed, 
has only once been observed so clearly, is still more significant (Fig. 
4).  It  consists of two  colonies of approximately the same size (and 
age) which have developed at opposite poles of the nucleus of an endo- 
thelial cell.  When the Ricketts#e  first commenced to multiply, this 
nucleus was presumably flattened by arterial blood pressure in a direc- 
tion paralrel to the length of the vessel, like its neighbors.  The pres- 
sure  which  the  Rickettsiae have  exerted  has  completely altered  its 
position so that it has been forced to stand on its head, so to speak. 
This can only mean that the growth pressure of the Rickettsix actually 
exceeds the arterial blood pressure because it is sufficient to cause a 
nucleus, which is ordinarily flattened by the blood pressure, to expand 
directly against it.  To the best of my knowledge no alteration like 
this is produced through the phagocytosis of lifeless materials. 
The observation  that  when two  colonies  grow toward each other 
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surface indicates that their growth pressure is about equal.  If it were 
greater in one than in  the other,  only one would become flattened 
(i.e., that in which the pressure was least), or else the one endowed with 
the largest  expanding force would indent the other.  It is possible, 
thus,  to ascertain  that  the growth pressure of small colonies is  ap- 
proximately the same as that of larger ones. 
Throughout this period of multiplication the morphology and stain- 
ing reactions of  the Rickettsiae  vary  only within the limits already 
alluded to.  Figs. 3,  4  and 6 illustrate their appearance by Giemsa's 
method; Figs. 2 and 5 by hematoxylin and eosin; Fig.  7 by Loeffier's 
methylene blue; and Fig.  1 after staining with eosin and methylene 
blue.  The variability in color of some of the Ricketts#e  is probably 
caused by fortuitous differences in the rate of extraction of the stains, 
some of the Rickettsiae  being nearer than the  others to dye-holding 
materials or to the surface of the section. 
Thus, in their tinctorial properties also, they resemble the Rickettsiae 
of typhus and Rocky Mountain spotted fever, though they are more 
easily stained.  In all  three  the  differentiation  into  red-  and  blue- 
staining materials, which may be observed in smears of the arthropod 
vectors,  is  not  distinguishable  in  sections  of  infected  mammalian 
tissues. 
That the Rickettsia~  of heartwater are organisms possessed of defi- 
nite internal organization, is shown by the fact that they retain their 
spherical shape and do not tend to flatten out when they come in touch 
with the cell wall and other cellular components.  Yet with a  very 
high magnification (of 4000 diameters or more) their outlines become 
more hazy  than  do  those of the  mitochondria, for  instance.  This 
would lead one to suppose that, if they possess an organized limiting 
membrane,  it  is  of  somewhat  rudimentary character  as  compared 
with that of typical bacteria. 
Only in an animal's tissues which have not been promptly excised 
after  death,  are  any  signs  of  the  degeneration of RickeUsi~e  to  be 
noted.  When, under such conditions, degeneration sets in the Rickett- 
sia~ begin to exhibit  considerable variability in size and to lose their 
peculiar  tinctorial  properties.  The  forces  which  have  previously 
kept them spacially arranged in respect to their fellows cease to operate 
and they tend to agglutinate in rather amorphous masses.  Though v,.  v.  cowBoY  809 
unquestionably dead, they may still be recognized for 6 hours or more 
after the death of the animal containing them, chiefly by their topo- 
graphic relationship to the blood vessels. 
Reaction of the Endothelial Cells to the Presence of the Rickettsiae. 
Unless the living endothelial cells contain Rickettsiae,  they show no 
signs of injury.  In this respect the endothelial reaction in heartwater 
differs sharply from that which may be observed in typhus and Rocky 
Mountain spotted fever.  In these two diseases the endothelial cells 
in which the Rickettsiz are absent become altered almost as regularly 
and to about the same degree as those ~hich harbor many of them. 
When the Rickettsiae of heartwater do enter the endothelial cells and 
multiply within them, they do not cause very serious injury.  The 
principal alteration which the cells undergo is great mechanical dis- 
tention  to  accommodate  the  Rickettsiae  in  large  numbers.  Their 
nuclei seldom, if ever,  show definite signs of injury.  Karyokinetic 
figures are of very rare occurrence and there is no evidence of amitosis. 
It is possible that the mitochondrla and Golgi apparatus in the cyto- 
plasm  are  altered;  but  they  cannot  be  greatly  damaged,  because 
the ceils continue to live.  No signs whatever of basophilic degenera- 
tion, like that which occurs in typhus and Rocky Mountain spotted 
fever, were seen.  Indeed, the cytoplasm, although swollen and greatly 
increased in extent, reacts in the usual way to all ordinary stains except 
for certain loci, in which the Rickettsi~ are multiplying, which become 
chromophobic. 
These vacuole-like spaces containing Rickettsise are filled with a dear 
watery fluid, probably saline in nature,  as the action of a wide range 
of fixatives fails to reveal any coagulable substance in it.  The margins 
of these spaces are sharply defined and do not grade into the surround- 
ing cytoplasm.  Morphologically the spaces do not differ from areas 
of  intracellular  digestion  containing  broken  down  red  blood  cells, 
but biochemically they are probably dissimilar, for the reason  that 
there can be but little in common between the process of intraceilular 
digestion  and  the  conditions ~hich  facilitate  the  multiplication of 
Rickettsia-like organisms. 
The  Rickettsise  of  heartwater  are  usually  observed  clumped  in 
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the interface between the fluid contents of the spaces and  the cyto- 
plasmic  environment.  It  is  interesting  to  note  that  neighboring 
spaces  communicate with one another, as illustrated in  Figs.  1 and 
6; also, that a single space may house more than one colony of Rickett- 
sia~ (Fig.  1). 
The reason why these colonies of Rickettsix,  suspended in  a  fluid 
medium  within  a  single  vacuole-like  container,  or  communicating 
system of containers, of microscopic dimensions, should retain  their 
individuality instead of coalescing to form a larger mass, is not easily 
discovered.  One would expect them to be thoroughly mixed by the 
continual changes in size of the pulsating vascular walls, but they are 
equally discrete in veins, which do not pulsate,  as in arteries. 
In  sectioned mammalian material,  it  has  not  been  possible  thus 
far to  bring  to light any indications of the existence of a  matrix, or 
binding material, which might restrict or retard the movement of the 
individual organisms forming a colony.  But, in the second paper, on 
the Rickettsix  of heartwater as they appear in infected ticks,  ~ some 
dumps of Rickettsiae were found to be embedded in such a ground sub- 
stance which differed slightly in staining properties from the cytoplasm 
of the host cells.  This was best seen after formalin fixation.  When, 
moreover, portions of the tick's alimentary tract were teased out in an 
approximately isotonic medium the indiv/dual Rickettsia~ in  a  clump 
were found to cohere together despite considerable mechanical trac- 
tion.  Two possibilities therefore present themselves; either a  matrix 
of this kind is absent in the tissues of infected mammals, or else it is 
present in such a  form that it eludes our methods of  demonstration. 
It may be  an  inconstant accompaniment of intracellular  Rickettsial 
growth,  and  exist  in  very small  amounts  in  the  case  of Rickettsia 
prowazeki  in which the  "globular massing" is so much less distinct. 
Discharge of Rickettsiee from the Endothelial  Cells into the 
Blood Stream. 
After the incubation period has passed and the febrile reaction is at 
its  height,  the  endothelial  cells  often  rupture  and  discharge  their 
contents into the circulation (Figs. 4 and 6).  Sometimes the broken 
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edges of the cell membrane may be distinguished so that it is certainly 
not a  case of the entry of Rickettsiae.  That we are not dealing with a 
dragging out of the Rickettsiae  by the microtome knife (as occasionally 
happens in the case of resistant bodies, like nucleoli) is indicated by 
the absence of scratches and by the observation that in one and the 
same section the discharge may take place in several directions.  As 
far as our microscopic evidence goes, these liberated Rickettsiae  have 
every appearance of being just  as  viable  as  those which originally 
entered the cell.  No parallel instance of the discharge of Rickettsiae 
into the blood stream has been reported in Rocky Mountain spotted 
fever or in typhus fever.  A special search which I have made myself 
of tissues very kindly given to me by Drs. Wolbach, Rajchmann and 
Nicholson has failed to reveal any indications of a  similar process. 
Even with localized cellular injury of this extent and degree, the 
nucleus  remains  apparently normal  and  the  cell  continues  to  live. 
This normality of the endothelium constitutes another point in favor 
of the conclusion that the Rickettsiae  live and actively multiply within 
the vascular endothelial cells.  By contrast, the extensive endothelial 
injury in typhus and Rocky Mountain spotted fever seems to be cor- 
related, at least in part, with the death of many Rickettsiae  within the 
cells and the resultant liberation of substances which may be poison- 
ous.  In other words, the endothelial inclusion of Rickettsiae  is not so 
much a  mechanism of defense in  heartwater as it  appears  to  be  in 
these other diseases. 
DISCUSSION. 
The Rickettsiae  of heartwater exhibit certain features typical of other 
pathogenic Rickettsiae  with almost exaggerated clearness. 
The most characteristic appearance of Rickettsiae  in human lesions 
is, according to Wolbach, Todd and Palfrey,  4 their tendency to globu- 
lar massing.  In heartwater tMs property of forming spherical clumps 
within the endothelial cells is even more conspicuous.  These spheri- 
cal masses, or colonies, grow within vacuole-like cytoplasmic spaces 
filled with a  clear fluid.  Further data are needed concerning these 
spaces,  because clues might  thereby be  secured for the preparation 
4 Wolbach, S. B., Todd, J. L., and Palfrey, F. W., The etiology and pathology 
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of artificial media suitable for the cultivation in vilro of the heartwater 
Rickettsiae  and conceivably for those of typhus and Rocky Mountain 
spotted fever also.  Many difficulties would be encountered in making 
such an analysis, but indicators might be of service, especially the in 
~ivo  synthesis  of  Prussian  blue.  The  oxydase  reaction  should  be 
applied.  The fact that multiplication appears to attain a maximum 
during the height of the febrile period, when  the temperature often 
reaches 107 ° or 108°F. may be significant taken in conjunction with 
the fact that multiplication is also rapid in the body of the tick at a 
temperature  about  30  °  lower.  Additional  studies  on  the  matrix 
which seems to bind together the individual Rickettsiae, which compose 
a  colony, might also bring to light information regarding a  medium 
which would justify further work along the lines of artificial cultivation. 
Another feature which all pathogenic Rickettsia:  possess in common 
is  the habit of becoming parasitic in the vascular endothelia.  This 
is the usual location in human and mammalian tissues of the Rickettsiae 
of  Rocky  Mountain  spotted  fever,  in  which  condition,  however, 
they may spread  to  the  media  and  adventitia  and  occasionally to 
parenchymatous  elements  such  as  liver  cells. 6  The  Rickettsiae  of 
typhus fever are somewhat more restricted, being found only in the 
mononuclear cells of the perivascular nodules in addition to the endo- 
thelium; while the Rickettsiae of heartwater are the most specific of all, 
since their location is confined, as far as can be ascertained, without 
exception, to the endothelium. 
This restriction of a  pathogenic  microorganism to a  single type of 
cell has recently been claimed for the tubercle bacillus by Sabin and her 
coworkers.  6  She believes that the tubercle bacillus attacks a specific 
kind of cell--the monocyte--penetrates  into its in terior and multiplies 
within it.  The evidence for intracellular multiplication is conclusive. 
Maximow  7  has observed the process in the living cells of tissue cultures; 
but he has found that other cells, as well as the monocyte, are invaded, 
and some believe that the monocytes do not differ fundamentally from 
s Nicholson, F. M., J. Exp. Med., 1923, xxxvii, 221. 
6 Cunningham,  R.  S.,  Sabin,  F.  R.,  Sugiyama,  S.,  and  KindwaU, J. A., Bull. 
Johns Hopkins Hosp.,  1925, xxxvii, 231. 
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the  macrophages, s or  clasmatocytes, as  they are  often called.  The 
case of heartwater is more concise, for there can be no dilemma in the 
identification  of  endothelium.  While  the  Rickettsiae  of  heartwater 
may apparently live and multiply within the endothelial cells, there is 
no  evidence  to  indicate  that  their  action  stimulates  the  endothelial 
cells to divide and increase in number in a  fashion comparable with 
the  influence  exercised  by  ingested  foreign  materials,  such  as  the 
tubercle bacilli, upon the monocyte. 
It is interesting to note that, although in heartwater the endothelial 
cells remain living and normal and are so heavily charged with Rickett- 
sia~  that  they may be  considered  to  be marked  by their  presence, 
the free large mononuclear cells of the  circulating  blood (monocytes, 
endothelial leucocytes, etc.)  which Mallory and his associates believe 
to be developed directly from the endothelium,  remain wholly devoid 
of Rickettsia~, or at least contain Rickalsia~ so infrequently that  they 
have thus far escaped observation. 
SUMMARY. 
The  Rickettsiae  of heartwater  are more definitely restricted  to  the 
vascular endothelial cells of infected animals 'than are those of typhus 
or  Rocky Mountain  spotted  fever.  They likewise  form  more  pro- 
nounced spherical colonies within the cells.  Their presence does not 
injure  the  endothelial  cells to  a  degree  at  all  comparable  with  that 
caused by the other pathogenic RickeUsi~e.  The rupture of endothelial 
cells  and  discharge  of Rickettsiae,  which  are  apparently  viable,  into 
the  circulation  constitute  phenomena  not  thus  far  reported  in  the 
case of typhus or Rocky Mountain spotted fever. 
EXPLANATION OF PLATE 31. 
All the figures were drawn at the level of the table with a 1.30 aperture  apo- 
chromatic objective of 1.5 ram., compensating ocular 18 and camera lucida.  They 
have been reproduced without reduction so that, as they appear, they represent 
a magnification of 4033 diameters.  They have all been made from tissues of Goat 
4510.  9 
SLewis, M. R., Willis, H. S., and Lewis, W. H, Bull.  Johns Hopkins ttosp., 
1925, xxxvi, 175. 
9 For details of temperature reaction and postmortem examination, see Cowdry, 
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FIG.  1.  Cerebral cortex fixed in  Regand's fluid and  stained  with  eosin  and 
methylene blue.  Several colonies of Rickettsiae  are seen in the cytoplasm to the 
left of the nuc'eus.  They are of variable size.  In the smallest, a sing'e organism 
is represented which is slightly larger than the others, is co'ored rather more in- 
tensely and seems to be in the act of division. 
FIG. 2.  Cerebral cortex fixed in Regaud's fluid and stained with hematoxylin 
and eosin.  The Rickettsiae are feebly  colored.  They are contained in an unusually 
large vacuole-like space (distal to  the nucleus, i.e.,  between it and  the lumen) 
the upper margin of which can be clearly distinguished.  Through growth pressure 
they have indented the nucleus. 
FIG. 3.  Cerebral cortex fixed in Regaud's fluid and stained by Giemsa's method. 
A colony of Rickettsiae is represented at one pole of the nucleus.  Organisms which 
seem to be dividing are oriented with plane of division at right angles to the margin 
of the vacuole. 
FIG. 4.  Pancreas  fixed in  Regaud's  fluid  and  stained  by  Giemsa's method. 
There  are two colonies of Rickettsia,  one on  either side of the nucleus.  Their 
growth has exerted sufficient pressure to cause the nucleus to alter completely its 
position by projecting directly toward the lumen in a direction parallel to pressure 
exerted by the blood stream.  A few of the Ricketts~ are  being discharged into 
the lumen. 
FIG. 5.  Cerebral cortex fixed in Regand's fluid and stained by hematoxylin and 
eosin.  Here the Rickettsiae  are multiplying in a very unusual  position, proximal 
to the nucleus and remote from the lumen. 
FIG. 6.  Cerebral cortex fixed in Regaud's fluid and stained by Giemsa's method. 
Two colonies of Rickettsiae  are illustrated.  Those comprising the smaller one are 
stained more intensely than the others and are noticeably larger.  Some Rickettsi~ 
are escaping from the larger colony into the blood stream. 
FIG.  7.  Cerebral  cortex  fixed in  Regaud's  fluid  and  stained  with  Loeffler's 
methylene blue.  Two Rickettsiae  embedded in some chromophobic  material are 
seen in the lumen between the erythrocytes. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. XLIV.  PLATE 31. 
(Cowdry: Etiology of heartwater.  II[.) 